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® Polymeric compositions and films suitable for packaging. 



@ Multiple layer films, and novel polymer composi- 
tions are disclosed for use in packaging sterile medi- 
cal products and shelf stable foods. The films in- 
clude at least two layers (12. 14) of modified 
polypropylene-based compositions, and optionally a 
third layer of polypropylene-based composition. The 
two layers (12, 14) of the film comprise poly- 
propylene polymers having melting point tempera- 
tures, differing by at least 3*0, with corresponding 

^ethylene contents disparate by at least 1 weight 

^percent ethylene. In 2-layer films, the compositions 
include ethylene butene-1 copolymer in both layers, 

^and optionally an elastomer in either or both layers. 

f% Three and four layer films are also disclosed wherein 
outer polypropylene based layers protect the inner 

Q layers, as of the two layer composition, from bond- 

COlng to corresponding portions of adjacent like layers. 

^The films can be fabricated into packages formed as 
by heat sealing, a covered tray type package being 

ttjsliown in Rg. 6. 
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"POLYMERIC COMPOSITIONS AND FILMS SUITABLE FOR PACKAGING" 



The present invention relates to polymeric 
compositions and films suitable for packaging. 

The packaging industry makes and uses many 
sheet structures in the making of heat sealed pack- 
ages. Such packages find use in a multiplicity of 
applications. Of particular interest to the invention 
are those applications where the finished package 
may be subjected to relatively abusive shocks, as 
by being dropped, bumped, repeatedly flexed, or 
the like. In cases where the package is holding 
fluid contents, the shock may be transferred to all 
parts of the package by the contained fluid. The 
transferred shock is effective to cause failure of the 
package at its weakest point when the severity of 
the shock is sufficiently great 

Failures in heat sealed packages tend to occur 
at or close to a heat seal. Some failures occur by 
partial peeling of the facing sealant layers from 
each other in the seal area. Where the shock is 
severe enough, the package may have a cata- 
strophic failure wherein the package may be pene- 
trated to the outside. Such penetration resulting 
from shock abuse typically occurs at or near the 
seals. Such failure of the package, whether by 
partial peeling or by catastophic failure, compro- 
mises the containment and protective functions of 
the package, and is thus not acceptable. 

It is desirable to find material compositions 
which may be used in packaging sheet structures 
which compositions enhance the capability of the 
sheet structure, and particularly the sealant layer to 
withstand increased amounts of shock-type abuse, 
while providing the capability in the outer surface 
of the package to tolerate direct contact with other 
packages, at conditions normally anticipated to be 
encountered over the life of the package, without 
the packages sticking to each other. These specific 
capabilities are functionally effective only to the 
extent they are combined into a package which 
otherwise exhibits capabilities compatible with the 
Instant requirements. 

In certain packaging applications, the packages 
are subjected to heat treatment, such as with 
steam or hot water, at elevated temperatures of 
about 121 *C as part of the packaging process. 
Such heat treatments, commonly known as retort 
processing, are common in certain packaging of 
medical supplies and shelf stable foods. 

Polypropylene polymers, which are otherwise 
excellent for use with high temperature applica- 
tions, tend to become more brittle after being sub- 
jected to such processes, especially those pro- 
cesses in which it is subjected to steam or hot 
water. Increasing brittleness leads to less ability to 
resist shock-type abuse. While the use of such 



maiterials is desirable for their ability to withstand 
heat treatment without failure of the package during 
the heat treatment, the resulting brittleness is an 
undesirable feature, as it affects the ability of the 
5 package to withstand the shocks of. for example, 
shipping and handling. 

There is also concern that the package may be 
subjected to repeated flexing during its life cycle. 
While polypropylene is desirably tolerant of the 

70 high temperatures used for processing medical, 
supplies and shelf stable foods, after having been 
subjected to such high temperature retort process- 
ing, it tends tb be less resistant to cracking under 
the repeated flexure. In some cases, the cracks are 

15 seen as a direct result of repeated flexing. In other 
cases the cracking may be exhibited as a result of 
shock-type physical abuse. Exemplary of such 
abuse are jiggling, repeated bumping, and high 
impact dropping. 

20 The susceptibility of the overall package to 
failure as a result of cracking is a property which is 
a composite of, at least, the tendency of the in- 
dividual layers to crack, the interfaciai bond 
strengths, the elasticity of the adjacent layers and 

25 their capability to absorb and dissipate physical 
shock, the thickness of individual layers, and. to a 
degree, any overwhelming tendency of any one 
layer to crack. This tendency toward cracking is 
sometimes designated as brittleness. 

30 The composite evaluation of the ability of retort 

processed packages to tolerate abuse is usually 
observed as the fraction of the filled and sealed 
packages which fail after being subjected to some 
physical stress or shock. 

35 While polypropylene has been accepted as the 
material of choice for use In sealant layers of 
retortable pouches In many instances, it has been 
selected more or less by necessity, as few other 
materials in the same price range can provide 

40 similar high temperature processability. Likewise 
certain polypropylenes are among the few materi- 
als which are approved for contact with food and 
medical solutions. Thus, polypropylene provides a 
. combination of desirable properties of tolerance of 

45 high temperature and approval for food contact, at 
a modest cost. 

The shelf life of medical solutions and shelf 
stable foods is influenced, in part, by the stability 
of the moisture content of the contained product. 

50 Thus the ability of the package to retard, or pre- 
vent, transmission of moisture vapor through the 
packaging material may have a direct influence on 
the length of the shelf life of the contained product. 

Polypropylene provides a good barrier to trans- 
mission of moisture vapor. 
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It is an object of this Invention to provide a 
multiple layer polymeric film suitable for use in 
forming a package for shelf stabi foods and medi- 
cal solutions, both of which may b subjected to 
retort processing at elevated temperatures of, for 
example, about 121 * C. 

It is a further objective to provide such pack- 
ages which have improved capability to tolerate 
flexing and other stress crack inducing activities. 

It is a further object of this Invention to provide 
multiple layer films incorporating therein novel 
compositions; and packages made from those 
films. 

It Is yet another object to provide packages 
made from the novel films herein, which particu- 
larly have been retort processed at temperatures of 
about 121 ' C, and for about 30 minutes of process- 
ing at that temperature. 

One definition of the Invention is in a composi- 
tion of matter which is a blend of a polypropylene 
polymer, an ethylene butene-1 copolymer contain- 
ing 85 to 95 mole percent ethylene, and a styrene 
ethylene butylene styrene copolymer (SEBS). The 
polypropylene is present in an amount of 35% to 
80%, preferably 40% to 75%, most preferably 
about 45% to about 55% by weight. The ethylene 
butene-1 copolymer is about 5% to 50%, prefer- 
ably 20% to 40%. most preferably about 30% to 
about 40% by weight of the composition. The ratio 
of the amount of SEBS in the composition to the 
amount of ethylene butene-1 copolymer is prefer- 
ably about 0.2/1 to about 0.8/1, most preferably 
0.4/1 to 0.6/1. 

Another definition of the invention is embodied 
in a multiple layer film having first and second 
layers. The composition of the first layer is a blend 
of polypropylene, with two other components. The 
polypropylene, which is present as 40% to 80% by 
weight of the first layer, is a copolymer containing 
1 to 8 weight percent random moieties of ethylene. 
The second component of the blend composition of 
the first layer is 5% to 50% by weight of an 
ethylene butene-1 copolymer containing 85 to 95 
mole percent ethylene. The third component of the 
blend composition of the first layer provides 
elastomeric properties and is selected from the 
group consisting of ethylene propylene copolymer, 
polybutylene, polyisobutylene. ethylene propylene 
diene monomer terpolymer, styrene butadiene sty- 
rene copolymer, styrene ethylene butylene styrene 
copolymer, styrene isoprene styrene copolymer. 
polybutene-J , and isobutylene isoprene copolymer. 

The composition of the second layer Is a blend 
of, as a first component, a second polypropylene 
polymer containing up to 7 weight percent random 
moieties of ethylene, and. as a second component. 
5% to 50% by weight of an ethylene butene-1 
copolymer containing 85 to 95 mole percent eth- 



ylene. The second component may be the same 
copolymer as the second component in the first 
layer. 

With respect to the two layer film, the random 

5 moiety ethylene content in the second poly- 
propylene in the second layer is at least 1 weight 
percent, preferably at least 1.5 percent, less than 
the random moiety ethylene content in the poly- 
propylene in the first layer. 

70 Wherever ethylene content is referred to herein 
as a component of a propylene polymer, the nu- 
merical recitations refer only to the random eth- 
ylene content, and have no relevance to any eth- 
ylene block units which may exist in the polymer 

75 composition. The random ethylene content is re- 
cited as a general indicator of the melting point 
temperature of the polymer; and so long as the 
same test procedure is used, a polypropylene hav- 
ing a lower ethylene content generally has a higher 

20 melting point temperature. 

In preferred embodiments of the 2-layer struc- 
ture, the composition of the second layer com- 
prises 50% to 80% of the second polypropylene 
and 50% to 20% of the ethylene butene-1 

25 copolymer. The first layer comprises 40% to 60% 
of the first polypropylene. 30% to 40% of the 
ethylene butene-1 copolymer, and 10% to 20% of 
styrene ethylene butylene styrene copolymer 
(SEBS) as the third elastomeric component 

30 With respect to the layer thicknesses, the sec- 
ond layer preferably comprises 25% to 75% of the 
thickness of the film, the first layer conversely 
comprising 75% to 25% of the thickness of the 
film. 

35 More preferred embodiments of the film in- 

clude a third layer, with the second layer being 
between the first and third layers. The composition 
of the third layer is, as a first component, a third 
polypropylene polymer containing up to 7 weight 

40 percent random moieties of ethylene and having a 
melting temperature greater than the retort pro- 
cessing temperature to which the film is expected 
to be exposed. A second component is up to 25% 
by weight of an ethylene butene-1 copolymer con- 

45 taining 85 to 95 mole percent ethylene, as used in 
the first and second layers. It is preferred, in some 
embodiments of the three layer film that the first 
layer comprises 50% to 70% of tho thickness of 
the film, the second layer comprise 25% to 35% of 

so the thickness of the film, and the third layer com- 
prise 5% to 15% of the thickness of the film. 

In another family of three layer films related to 
the previously described film, the first layer is a 
blend of three components. The first component is 

55 a first poiypropylen . as a copolymer containing 1 
to 8 weight percent random moieties of ethylene. 
The second component is 5% to 50% by weight of 
the above recited ethylene butene-1 copolymer. 
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The third component provides elastonneric prop- 
erties and is selected from the group of elastomers 
recited above for the third component of the first 
layer in the two layer film. The third component of 
the first layer is preferably SEBS. 

The second layer Is a blend of a second poly- 
propylene polymer containing up to 7 weight per- 
cent random moieties of ethylene, and up to 25% 
by weight of the above recited ethylene butene-1 
copolymer. 

The composition of the third layer of the film 
comprises a third polypropylene, as a copolymer 
containing 1 to 8 weight percent random moieties 
of ethylene. The third layer optionally comprises up 
to 30% of the ethylene butene-1 copolymer, and as 
a separate option, up to 20% SEBS. 

In this embodiment the first layer is between 
the second and third layers. It is preferred that the 
third layer comprise 5% to 20%. preferably about 
10% of the thickness of the film. 

All the layers of the film are generally held 
together with adhesion. In general the random moi- 
ety etiiylene content in the polypropylene in the 
second layer is at least 1 weight percent, prefer- 
ably about 1 .5 percent, less than the random moi- 
ety ethylene content in the polypropylene in at 
least one of the first and third layers. 

The third layer may contain up to about 20% 
by weight of the ethylene butene-1 copolymer in a 
two component composition. To the extent the 
composition of the third layer comprises greater 
than about 20% ethylene butene-1 copolymer, as 
the second component, then it is preferable to 
include, as a third component, up to about 20% 
SEBS. with the preferred ratio of SEBS to ethylene 
butene-1 being in the range of 0.2/1 to 0.8/1 . most 
preferably 0.4/1 to 0.6/1. For use in some embodi- 
ments, it is entirely acceptable to use as the third 
component of the third layer others of the 
elastomers recited for the third component of the 
second layer in the two layer film. Preferred 
elastomers have terminal styrene block moieties. 

Referring now specifically to highly preferred 
embodiments, the first layer Is a blend containing 
as a first component, 40% to 60% by weight of a 
first polypropylene, as a copolymer containing 5% 
to 7% ethylene. The composition of the first layer 
further comprises, as a second component 30% to 
40% by weight of an ethylene butene-1 copolymer 
containing 85 to 95 mole percent ethylene. The 
third component which comprises 10% to 20% by 
weight of the first layer, is an SEBS copolymer. 
The first layer comprises 50% to 70% of the thick- 
ness of the film. 

The composition of the second layer, which is 
adapted for forming the outer layer in a package 
structure, comprises 80% to 90% by weight of a 
second polypropylene polymer containing 3 to 5 



weight percent ethylene and 20% to 10% by 
weight of an ethylene butene-1 copolymer contain- 
ing 85 to 95 mole percent ethylene, the second 
layer comprising 20% to 40% of the thickness of 
5 the film. 

The composition of the third layer of this film 
comprises a third polypropylene polymer, as a 
copolymer containing 3 to 8 weight percent eth- 
ylene. The third layer comprises 5% to 15% of the 
TO thickness of the film. 

The third layer may contain up to about 20% 
by weight of the above recited ethylene butene-1 
copolymer. 

In some of the highly preferred embodiments. 
75 the composition of the third layer comprises less of 
the polypropylene, namely 65% to 75% by weight 
and 10% to 20% by weight of the ethylene butene- 
1 in combination with 10% to 20% by weight of 
SEBS. 

20 For use of highly preferred embodiments in 

certain environments, the composition of the third 
layer is preferred to comprise 55% to 65% by 
weight of the polypropylene, 20% to 30% by 
weight of ethylene butene-1, and 10% to 20% by 

25 weight of the SEBS. 

Four layer films of the invention include thin 
outer layers having high amounts of polypropylene 
and comparatively lesser amounts of the ethylene 
butene-1 copolymer and the third elastomeric com- 

30 ponent. The two intermediate layers are substan- 
tially thicker and contain larger amounts of the 
ethylene butene-1 and optionally the third 
elastomer component. 

The first layer corresponds with the first layer 

35 of the earlier recited films. It comprises about 20% 
up to about 70% of the thickness of the film. The 
composition of the first layer is (i) a polypropylene 
which contains 1 to 8 weight percent random 
moieties of ethylene, (ii) 5% to about 50% of the 

40 ethylene butene-1 copolymer, and (iii) up to about 
25% SEBS. 

The second layer is on one surface of the first 
layer and has the same range of compositions as 
the first layer, except that the ethylene content of 
45 its polypropylene is in the range of from 0%up to 
about 7%, 

The third layer comprises a polypropylene 
copolymer containing 1 to 8 weight percent, prefer- 
ably 5 to 7 weight percent, random moieties of 

50 ethylene. The third layer is on the other surface of 
the first layer and optionally contains up to 30% 
ethylene butene-1 copolymer. To the extent the 
ethylene butene-1 is present in an amount greater 
than 15% to 20% of the composition of the third 

55 layer. SEBS is preferably included in th composi- 
tion in a ratio of .2/1 to .8/1 SEBS to ethyfene 
butene-1. The third layer is present in an amount of 
5% to 20% of the thickness of the film, most 
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preferably about 10%, and forms the innermost 
surface layer of the film in heat sealed packages. 

The other surface of the film, which would form 
the outer surface of a package, is the fourth layer, 
which is disposed on that surface of the second 
layer which is opposite the first layer. The fourth 
layer contains polypropylene polymer containing 0 
to 7 weight percent random moieties of ethylene 
and up to 25% ethylene butene-1 copolymer. The 
fourth layer comprises 5% to no more than 20% of 
the thickness of the film. 

The combined thicknesses of the second and 
fourth layers is at least 15% to 50%, preferably 
20% to 40% of the overall thickness of the film. 
Any of the films of the invention may be made into 
heat sealed packages. 

It should be noted that one of the outer layers 
of the film has a lesser ethylene content in the 
polypropylene component than does the other out- 
er layer of the film. In forming the packages, that 
outer layer of the film which contains the lesser 
amount of ethylene in its polypropylene component 
Is positioned toward the outside of the package. 

In the recited two layer compositions, the outer 
surface layer of the film may be coated with a 
conventional vamlsh before the package is formed. 
The vamished surface provides an anti-blocking 
capability to prevent the surfaces of the several 
packages from sticking to each other, especially 
during the high temperature processing of the 
packages. 

In the three layer films, the composition of the 
outer film layer having the lesser ethylene content 
in its polypropylene is so selected that the outer 
layer of the film, which forms the outer surface of 
the package, provides the antiblock properties with- 
out the use of the varnish overcoat. 

Thus the films of the invention may be made 
into packages wherein the outer layer of the pack- 
age is a layer of the film which has the lower 
ethylene content polypropylene in its composition. 
That outer layer of the film which is characterised 
by the higher ethylene content polypropylene com- 
ponent is disposed toward the interior of the pack- 
age and participates in forming the heat seals. To 
the extent the package contains only the recited 
first and second layers, as recited with respect 
especially to the two layer film, a coating of varnish 
may be applied to the surface layer having the 
lesser ethylene content in the polypropylene before 
the package is formed. 

After packages have been formed, the pack- 
ages may be filled with contents, sealed closed, 
and retort processed. 

Embodiments of the Invention will now be de- 
scribed in more detail by way of example only in 
the following non-iimitative description, which is to 
be read in conjunction with the. accompanying 



drawings, in which: 

FIGURE 1 is a cross-section of a two layer 
film of this invention; 

FIGURE 2 is a cross-section of one family of 
5 embodiments of three layer films of this invention; 

FIGURE 3 is a cross-section of a family of 
four layer films of this invention; 

RGURE 4 is a cross-secfion of another fam- 
ily of three layer films of this invention; 
10 FIGURE 5 is a fragmentary cross-section of 

a portion of a pouch made using four layer films as 
of FIGURE 3 of this invention; and 

FIGURE 6 is a fragmentary cross-section of 
a portion of a package made using three layer films 
75 of tiie invention as in FIGURE 4. and including a 
thermoformed package portion and a non-formed 
covering of a lid material. 

The invention encompasses a variety of novel 
compositions, and articles which can be formed 
20 such as by extruding or otherwise molding or lami- 
nating multiple layer films. Such films are typically 
thin and flexible, being generally on the order of 
about 2 mils to about 10 mils thick. Thicker sec- 
tions and shapes may also be formed, as for other 
25 uses. 

Preferred embodiments are those wherein 
three layer film is fabricated from compositions, 
each of which contains a significant fraction of 
polypropylene. In these embodiments each layer is 
30 affixed to its one or more adjacent layers in surface 
to surface contact with them, and is bonded to 
them with good adhesion. 

Other embodiments of the invention are tiiose 
wherein two layer films are fabricated from two 
35 polypropylene-based compositions. 

In yet other embodiments, four layer films are 
fabricated from four polypropylene-based composi- 
tions. 

Tuming now to the drawings, FIGURE 1 repre- 

40 sents a cross-sectional view of a two layer film of 
ttie invention. I^yer 12, a first layer, is a blend of a 
polypropylene copolymer containing 1 to 8 weight 
percent random moieties of etiiylene, an etiiyiene 
butene-1 copolymer containing 85 to 95 mole per- 

45 cent ethylene, and up to 20% of a tiiird component 
providing elastomeric properties and selected from 
the group consisting of ethylene propylene 
copolymer, polybutylene, polyisobutylene, ethylene 
propylene diene monomer terpolymer, styrene bu- 

50 tadiene styrene copolymer, styrene ethylene 
butylene styrene copolymer, styrene isoprene sty- 
rene copolymer, polybutene 1 and isobutylene iso- 
prene copolymer. 

Layer 14, a second layer, is a blend of a 

55 polypropylene containing up to 7 weight percent 
random ethylene moieties and an ethylene butene- 
1 copolymer containing 85 to 95 mole percent 
ethylene. The random moiety ethylene content in 
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the polypropylene In layer 14 is at least one weight 
percent less than the random moiety ethylene con- 
tent in the polypropylene in layer 12, Turning now 
to th composition of layer 12 in detail, th poly- 
propylene component is a copolymer containing 1 
to 8 weight percent preferably 5 to 7 weight per- 
cent, most preferably 5.5 to 6.5 weight percent, 
random moieties of ethylene. The polypropylene is 
highly desirable in that it provides a desired level 
of tolerance for the high temperatures to which 
films and packages of this invention will be sub- 
jected, especially in sterilizing medical or shelf 
stable foods. 

In accommodation of the known brittleness of 
polypropylene, and especially as regards flex 
cracking and shock abuse cracking after being 
subjected to the high temperature retort process- 
ing, modifying materials are desirably included in 
the composition of layer 12. As a modifying ma- 
terial, the second component in layer 12 is 5% to 
50% by weight of an ethylene butene-1 copolymer 
which contains 85 to 95 mole percent ethylene, 
and has a melting point temperature of about 65* C 
to about 85 'C as measured by DSC curve. And 
while the ethylene butene-1 copolymer is highly 
advantageous in providing to layer 12 a high level 
of capability for, and tolerance of. repeated flexing 
of the film, its melting point temperature Is below 
the anticipated retort processing temperature of 
about 121 'C to which the fabricated package is 
typically subjected. Thus the ethylene butene-1 
copolymer tends to be melted at the high process- 
ing temperature. While the composition Is at the 
elevated processing temperature of about 121 *C, 
the function of the ethylene butene-1 may be liken- 
ed to that of plasticizers conventionally injected as 
liquid during conventional extrusion processing op- 
erations. To the extent lower levels of ethylene 
butene-1 are Included in the composition, namely 
up to about 20%, the ethylene butene-1 and the 
polypropylene may be used quite satisfactorily as a 
two component composition. Where over 20% eth- 
ylene butene-1 is Included in the composition, and 
especially over 30% ethylene butene-1 copolymer, 
two component compositions of polypropylene and 
ethylene butene-1 copolymer tend to be deficient 
in dimensional stability at the elevated processing 
temperatures. Thus where over 20% ethylene 
butene-1 is incorporated into the composition, it is 
preferred to include a third component which acts 
to provide dimensional stability to the layer at the 
elevated processing temperature, while maintaining 
the excellent flexural properties provided by the 
ethylene butene-1 copolymer. The third component 
materials are generally elastomeric and provide 
elastomeric properties. Exemplary of materials 
which can be used as the third component in layer 
12 are ethylene propylene copolymer, poly- 



butylene. polyisobutylene, ethylene propylene 
dien monomer terpolymer. styrene butadiene sty- 
rene copolymer, styrene ethylene butylene styrene, 
styrene isopr ne styrene copolymer, polybut ne-1, 
5 and isobutylene isoprene copolymer. Preferred for 
the third elastomeric component is styrene eth- 
. yiene butylene styrene. 

In general the amount of the third component 
is less than the amount of the ethylene butene-1 
10 copolymer second component. Especially with re- 
spect to the use of SEBS as the third component, 
the ratio of the amount of the third component to 
the amount of the second component, by weight, is 
preferably .2/1 to .8/1. In less preferred embodi- 
es ments, the ratio may be up to 1 .25/1 . and even up 
to 5/1. 

Turning now to layer 14 of RGURE 1. the first 
component is a polypropylene polymer containing 
up to about 7 weight percent random moieties of 

20 ethylene. While a homopolymer can be used, a 
copolymer having about 3% to about 5% ethylene 
is preferred, in order to contribute to a preferred 
level of resilience in the overall multiple layer film. 
The polypropylene component of layer 14 is 

25 present in an amount of about 50% to about 95%, 
preferably 50% to 80%. by weight of the composi- 
tion (including such typical additives as slip, anti- 
block, colour, etc. which may be used as in con- 
ventional practice in other compositions with poly- 

30 propylene type polymers). The balance of the com- 
position of layer 14 is preferably the above men- 
tioned ethylene butene-1 copolymer containing 
85% to 95% ethylene. Thus the ethylene butene-1 
copolymer comprises 50% to 5%. preferably 50% 

35 to 20%, of the composition of layer 14. 

It is a very important feature of this invention 
that the melting point temperature of the poly- 
propylene in layer 14 is greater than the melting 
point temperature of the polypropylene in layer 12. 

40 The melting point of the polypropylene has a sig- 
nificant effect on the amount of heat that the com- 
position can tolerate. 

A polypropylene having a low melting point 
temperature is selected for the first component 

45 poly propylene of layer 12, A typical poly- 
propylene, having 5 to 7 percent random ethylene 
has a melting point temperature of about 1 27* C. 
This relatively low melting temperature is important 
in the rapid formation of strong heat seals in pack- 
so ages during the packaging operation. While higher 
melting temperature polypropylenes can form heat 
seals, typically the formation of the seal requires 
more heat energy, and longer residence time in 
formation of the seal. And the resulting seal is 

55 usually inferior to seals made with a lower melting 
temperature polypropylene. The higher ethylene 
content also makes a desirable contribution to the 
flexural properties of the composition. 
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A polypropylene having a higher nnelting point 
temperature is selected for the first component 
polypropylene of layer 14. A typical polypropylene, 
having 3 to 5 percent ethylene has a melting point 
temperature of about 135* This relatively higher 
melting temperature is important in providing di- 
mensional and thermal stability to the pacl<age 
during the retort processing operation. To the ex- 
lent the polypropylene in layer 14 contains eth- 
ylene as a comonomer, it contributes ^dded flex- 
ural properties to the film. 

It is important that at least 30%. preferably at 
least 50%. of the overall film thickness contain the 
lower melting point (and thus higher random eth- 
ylene content) polypropylene, in order to provide 
for fast, efficient formation of strong heat seals 
having a substantial tolerance for high tempera- 
tures. 

It is equally Important that at least 15%, prefer- 
ably at least 20%. of the overall film thickness 
contain the higher melting point (and thus lower 
random ethylene content) polypropylene, in order 
to provide dimensional and thermal stability to tine 
package during the retort processing operation. 

To the extent that less than 30% of the film 
thickness contains the lower melting polypropylene, 
the films have less capability for rapidly forming 
strong heat seals as In the films of the invention. 
To the extent less tiian 15% of the film thickness 
contains tiie higher melting polypropylene, the 
films have less dimensional and themnal stability 
during retort processing. 

Thus it Is critical that the films of the invention 
contain botii the higher melting polypropylene and 
the lower melting polypropylene, within the 
amounts recited herein, and in the appropriate lay- 
er arrangements. The definition of higher and lower 
melting temperatures for tiie polypropylenes are 
relative, within tiie ranges specified. The melting 
temperatures of the higher and lower melting point 
polypropylenes generally differ by at least 3'C. 
preferably at least 5* C. which corresponds to gen- 
erally 1% and 1.5% differences in tiie random 
ethylene content. 

Rims containing only a higher melting poly- 
propylene are deficient in heat sealing and flexurai 
properties as compared to con"esponding films of 
the invention. Rims containing only a lower melting 
polypropylene are deficient in dimensional and 
thermal stability as compared to corresponding 
films of the invention. 

In general, combinations of polypropylene hav- 
ing the disparate tiiermal properties recited herein, 
are characterised by different levels of ethylene as 
random moieties In the propylene polymer. Thus, 
typically polypropylenes which complement each 
other witii respect to the disparate thermal prop- 
erties desired herein are found to have ethylene 



contents which differ by at least one weight per- 
cent, especially 1 .5 to 2 weight percent The poly- 
mer having the lower fraction of ethylene in its 
composition generally has th higher heat toler- 

5 ance, and thus is used for layer 1 4. The propylene 
polymer having the higher level of ethylene gen- 
erally has the lower heat tolerance as relates to 
softening, and thus Is advantageously used in for- 
ming heat seals as required of the layer 12 corn- 
to position. While the illustrated embodiments are de- 
scribed with respect to differences in the ethylene 
content, as regards tiie propylene polymers in lay- 
ers 12 and 14, the scope of the invention includes 
all those pairs of propylene polymers for use in 

75 layers 12 and 14 which exhibit differences in ther- 
mal properties which differences are similar to the 
differences seen In typical propylene polymers 
having random ethylene content differences of at 
least 1 weight percent and up to 8 weight percent, 

20 preferably 1 percent to 4 percent. Therefore, wher- 
ever herein a difference is recited with respect to 
the ethylene content, it is intended to include all 
combinations of propylene polymers which exhibit 
the thermal property differences characteristic of 

25 the different ethylene contents. 

As has been discussed earlier, it has also been 
found desirable to modify the polypropylene poly- 
mer in botii layers in order to overcome its ten- 
dency toward brittieness and tiie lack of shock 

30 abuse tolerance by adding to the composition of 
both layers 12 and 14 an ethylene butene-1 modi- 
fier. The ethylene butene-1 is substantially above 
its melting-temperature at tiie retort processing 
temperature of about 121 ' C. and so tends to act 

35 like a liquid at those conditions. Below its melting 
temperature it acts more like an elastomer. 

Turning now to the properties of the blend 
composition, especially of layer 14 at the process- 
ing temperature of about 121 * C, it is seen that the 

40 etiiylene butene-1 is above its melting point tem- 
perature at tiie elevated retort processing condi- 
tions. At higher levels of content of the ethylene 
butene-1 copolymer, for example 35% by weight, 
the like layers 14. of adjacent 2-layer packages. 

45 which like layers 14 are in contact with each other 
at that temperature, tend to be thermally welded to 
each other in a process commonly known as 
"blocking", whereby a portion of one package is 
bonded to a portion of an adjacent package by 

50 virtue of contact between the two packages and the 
elevated temperature. This tendency to block ap- 
pears to be related to the ethylene butene-1 con- 
tent. 

In order to overcome this tendency of the 
55 packages to become bonded to each other during 
the elevated temperature processing, the films in 
FIGURE 1 are preferably overcoated with a varnish 
layer 14V shown in dashed outiine. The varnish 
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does not block at the elevated processing tempera- 
ture, and thus provides a barrier to the potential 
blocking contact between the packages. 

While the application of a coat of varnish 14V 
to layer 14 as shown In FIGURE 1 does provide a 
film which can be satisfactorily used in making heat 
stable packages, the addition of the vamish re- 
quires a coating process which must be performed 
after the film has been fabricated, by. for example, 
coextrusion. 

FIGURE 2 shows a prefenred embodiment, de- 
rived from FIGURE 1, in that an additional layer 16 
is adhered to layer 14, with layer 14 thus being 
positioned between layers 12 and 16. Whereas, 
when layer 14 is the outer layer of the film as in 
FIGURE 1. it is normal to use slip and anti-block 
concentrates in its composition, when layer 14 is 
an interior layer as in FIGURE 2. slip and anti-block 
concentrates are omitted. Rather, the slip and anti- 
block concentrates are used in the layer which will 
form the outer surface of the finished package, 
which in FIGURE 2 is layer 16. The composition of 
layer 16 is greater than 75%. preferably about 75% 
to about 95% by weight of a polypropylene poly- 
mer having a random ethylene moiety content of 
up to about 7%. preferably 3% to 5%. As a second 
component the composition of layer 16 includes up 
to about 25% by weight of the above ethylene 
butene-1 copolymer, preferably 5% to 25%, most 
preferably 10% to 20%. 

The function of layer 16 is that of preventing 
tiie highly modified composition of layer 14, which 
has the tendency for blocking, from contacting a 
similar highly modified layer 14 In an adjacent 
package during the high temperature processing. 
The function of layer 16 is tinus related to the 
shielding function of varnish coating layer 14V in 
FIGURE 1. 

The thickness of layer 16 need not be any 
greater than that thickness required to provide a 
substantially uniform and continuous coating on the 
surface of layer 14. Layer 16 generally comprises 
about 5% to about 15% of the tiiickness of the film, 
typically about 10%. Since layer 16 is so thin, the 
fact tiiat it is less highly modified does not unac- 
ceptably reduce the flexibility and shock tolerance 
obtained in layers 12 and 14 by the substantial use 
of modifiers in those layers. Indeed, especially 
where the thickness of layer 16 is in the lower end 
of the recited range of 5% to 15%, it is acceptable 
to use polypropylene without the etiiylene butene-1 
modifier. 

In the 3-layer embodiment of FIGURE 2, layer 
14 contains 30% to 70% preferably 45% to 70% 
polypropylene polymer. 5% to 50%, preferably 
30% to 40% of tiie etiiylene butene-1 copolymer, 
and optionally up to 25% of the third elastomeric 
component, and especially styrene ethylene 



butylene styrene copolymer. In those embodiments 
where the third component is used, it preferably 
comprises 5% to 20% by weight of th layer 
composition, and generally comprises a ratio of 
5 0.2/1 to 0.8/1 as related to the amount of the 
ethylene butene-1 copolymer. 

Another function descriptive of the performance 
criteria of the polypropylenes in layers 12 and 14. 
and characterising the differences thereof, is that 

10 the polypropylene in layer 14, having the higher 
melting point temperature, provides to tiie film a 
dimensional stability which provides overall 
distortion-free properties to the film when the total 
thickness of the layers comprising the lower eth- 

75 yiene content polypropylene is at least 15%. pref- 
erably at least 20% of the thickness of the film. 
Thus at least 15% of the thickness of the film 
comprises at least one layer having a poly- 
propylene whose random ethylene content is at 

20 least 1 weight percent less than the combined 
random ethylene content of the rest of the layers. 

Where lesser fractions of the film thickness are 
represented by the lower ethylene content poly- 
propylene, at least some distortion of the film is 

25 typically experienced, either during the heat sealing 
process where the package seals are formed, or 
especially during the high temperature processing 
at about 1 21 ' C. Where the amount of poly- 
propylene polymer represented by the lower eth- 

30 yIene content is 20% or more of the thickness of 
the film, generally the film can be fabricated into 
packages by the formation of heat seals and the 
packages can be heat processed at about 121 *C. 
both without significant distortion of the packages. 

35 In general, the overall composition of the film 
should comprise at least t5% by weight, preferably 
at least 20%. of the higher melting polypropylene, 
in order to obtain the excellent thermal and dimen- 
sional stabilities characteristic of the instant inven- 

40 tion. 

Thus in the FIGURE 1 embodiment, layer 14 
represents at least 20%. preferably 30% to 50%, of 
the thickness of the film. In FIGURE 3. the layer 16 
composition contains the lower etiiylene content 

45 polypropylene. It also contains a lower fraction, if 
any, of tiie ethylene butene-1 modifier than is con- 
tained in layer 14. Layer 16 is relatively thin, com- 
prising no more than about 15% of the thickness of 
the film, which is sometimes not enough to ensure 

50 dimensional stability of the film. Thus it is normal 
that layer 14 also comprise a lower ethylene con- 
tent polypropylene, for derivation therefrom of the 
balance of the desired dimensional and thermal 
stability. To the extent the combination of layers 14 

55 and 16 is quite thick, layer 1-4 can include a some- 
what higher ethylene content polypropylene than 
that of layer 16. although its ethylene content Is still 
lower than the ethylene content of the poly- 
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propylene in layer 12. 

One of the purposes of the shielding of layer 
14. as by layer 16» is to preserve the freedom to 
substantially modify the polypropylene in layer 14 
by means of the ethylene butene-1 copolymer, and 
optionally up to 25% of the third component 
elastomer, and especially SEBS. to thus enhance 
the elastic resilience of the film, and especially 
layer 14. To the extent a lower ethylene content 
polypropylene is used in layer 14 it tends to work 
against the softening and elastic resilience prop- 
erties of the ethylene butene-1 copolymer modifier. 
Thus, in general, if the ethylene content of the 
polypropylene in layer 14 is different from the 
ethylene content of the polypropylene in layer 16. 
the polypropylene in layer 14 will generally have a 
higher ethylene content than that of layer 16. and 
that ethylene content wHI be intermediate with re- 
spect to the ethylene content of the polypropylenes 
in layers 12 and 16. The benefits of fine tuning the 
ethylene content of the polypropylene in layer 14 
relative to layer 16 is rather minimal, though, com- 
pared to the benefit that can be obtained by adjust- 
ing the ethylene butene-1 copolymer content So in 
the interest of simplifying the overall structural 
composition, and the process of forming and 
fabricating the film, as well as the number of ma- 
terials which must be purchased, inventoried, etc., 
the polypropylenes used in layers 14 and 16 are 
typically the same. Layer 16 Is used as a shield to 
prevent layer 14 from contacting another layer 14 
of an adjacent package. The amount of modifica- 
tion in layer 14 can then* be freely selected without 
concern for layer 14 blocking during the retort 
processing. 

In some applications of packages made with 
films of the invention, the high level of modification 
in layer 12. namely the ethylene butene-1 
copolymer and the elastomer, leaves layer 12 with 
a tendency to bond to adjacent portions of itself on 
the inside of a package during the high tempera- 
ture retort processing. Thus the package may be 
susceptible to deformation and distortion, during 
the retort processing, in the cases where layer 12 
Is disposed on the interior of the package and 
includes high levels of modification of the poly- 
propyiene. 

FIGURE 3 shows a 4 layer film wherein the 
compositions of layers 12. 14 and 16 are essen- 
tially the same as they are in FIGURE 2. Layer 18 
has been added on the previously exposed surface 
of layer 12. The composition of layer 18 is a 
polypropylene, as a copolymer containing 1 to 8 
weight percent, preferably 5 to 7 weight percent, 
most preferably 5.5 to 6.5 weight percent, random 
moieties of ethylene; and optionally up to 30% of 
the ethylene butene-1 copolymer. In general, the 
function of layer 18 in covering layer 12 is similar 



to the shielding function of layer 16 with respect to 
layer 14. In the same context within which a thin 
layer of layer 16 (containing a smaller amount of 
the ethylene butene-1 modifier) protects layer 14 

5 from bonding to adjacent layers 14, so a thin layer 
18 of a polypropylene having a lower level of 
modification according to the ethylene butene-1 
copolymer is used to cover layer 12 and similarly 
prevent the bonding together of adjacent layers 12 

10 by interposing adjacent layers 1 8 between adjacent 
layers 12 such that the layers 12 cannot touch 
each other as seen in FIGURE 5. Rather, adjacent 
layers 18 touch each other, and, with their lower 
level of modification, do not have the tendency to 

75 bond to each other. And since layer 18 is so thin, 
the fact that it is less highly modified does not 
unacceptably reduce the flexibility and shock toler- 
ance obtained in layers 12 and 14 by the substan- 
tial use in layers 12 and 14 of modifiers in those 

20 layers. 

Layer 18 generally comprises 5% up to about 
20%. preferably about 10%, of the overall thick- 
ness of the 4-layer film, l^yer 16 also comprises 
about 5% up to about 20%, preferably about 10% 

25 of the overall thickness of the film. Layer 12 com- 
prises at least 20% up to about 70%. preferably 
about 50%. of the overall thickness of the film. 
Layer 14 comprises at least 15% up to about 55%, 
preferably about 30% to about 35% of the overall 

30 thickness of the film. 

In the 4-layer film it is generally important that 
the combination of layers 14 and 16. overall, com- 
prise a polypropylene composition having an eth- 
ylene content lower than the overall ethylene con- 

35 tent of the combination of layers 12 and 18, in 
order to effect the recited disparate thermal prop- 
erties. The relationship between the film of FIGURE 
3 and the film of FIGURE 1 is that thin outer layers 
18 and 16 have been added to both layers 12 and 

40 14, respectively, to protect those layers from un- 
intentionally bonding to like surfaces (of layer 12 or 
layer 14 respectively) especially during the high 
temperature retort processing. However, especially 
layer 18 must be capable of forming heat seal 

45 bonds when intended. And since it is a thin layer, it 
uses its cooperative excellent adhesion to layer 12 
to enhance its heat sealing properties when heat 
seals are formed. Preferably, layers 18 and 12 
should be susceptible to forming heat seals at a 

50 substantially common set of conditions, especially 
for those applications where layer 12 participates 
directly in forming the seal between the facing 
packaging portions. Accordingly, the polypropylene 
used in layer 18 should be generally similar to the 

55 polypropylene used In the adjacent layer 12. 

The polypropylene of layer 16 is usually also 
similar to the polypropylene of layer 14. Indeed, it 
is highly acceptable for the polypropylene in layer 
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16 to be identical to the polypropylene used in 
layer 14. Similarly, it is highly acceptable for the 
polypropylene in layer 18 to be identicaJ to the 
polypropylene used in layer 12, Within the context 
that layers 18 and 18 provide a degree of protec- 
tion from the thermal consequences of the flexural 
and abuse tolerance designed into layers 12 and 
14. layers 12 and 14» respectively, can be further 
modified, to a limited degree when the correspond- 
ing layers 18 and 16 are used as thermal barriers. 
It is still important however, that layer 14 have a 
greater heat tolerance than layer 12. such that the 
advantageous disparate thermal properties are 
available for use in (?) the heat sealing process, 
(layer 12) and (ii) the high temperature retort pro- 
cessing (layer 14). 

Referring now to layers 14 and 16 as a first 
combination and to layers 12 and 18 as a second 
combination, the combination of layers 12 and 18 
preferably comprises 50% to 80% of the thickness 
of the film. Conversely, the combination of layers 
14 and 16 preferably comprises 50% to 20% of the 
thickness of the film. 

It is important that the composition of layer 12 
be conducive both to heat sealing and to forming 
an excellent bond with layer 18, as the heat seal 
formed in the package when using a layer 18, 
although it Is formed directly by layer 18. is sup- 
ported and backed up by the properties and func- 
tioning of layer 12 through its excellent adhesion to 
layer 18. Without the excellent adhesion between 
layers 12 and 18. the thickness of layer 18 by 
itself, being up to only 20% of the thickness of the 
film, is generally inadequate to form the strong 
heat seals required for packaging shelf stable foods 
and medicaJ products. Thus it is important that the 
compositions of both layers 12 and 18 be suscept- 
ible to heat sealing with respect to heat passing 
through layers 14 and 16. Similarly the thickness of 
the combination of layers 12 and 18 must be at 
least 25% of the thickness of the film, and prefer- 
ably about 60%. 

Clearly, it is desirable to simplify the film to the 
extent possible. And while the 4-layer film is highly 
advantageous and has substantial flexibility in its 
design as well as in its physical use, the fourth 
iayer does lend a degree of complexity which the 
inventors have found to be unnecessary in some 
embodiments, in that a highly desirable family of 
related S-layer films has been discovered. FIGURE 
4 represents those 3-layer films. It includes layer 
12. layer 16, and layer 18. with associated adjust- 
ments in both the composition of the layers and 
their thicknesses. 

Layer 12 is at least about 40% and no more 
than about 75% of the thickness of the film. The 
composition of layer 12 in FIGURE 4 is 35% to 
70%. preferably 40% to 60%. of a higher ethylene 



content polypropylene as recited earlier. A second 
component of lay r 12 is the ethylene butene-1 
copolymer in an amount of 5% to 50%, preferably 
30% to 40%, of the overall composition. A third 

5 component is one of the elastomers previously 
recited, and especially preferably the SEBS. in an 
amount up to about 20% by weight. 

Layer 16 comprises at least 15% and up to 
50%, preferably 20% to 40%, of the thickness of 

10 the film. Its composition is greater than 70%. pref- 
erably 70% to 95%, most preferably 80% to 90% 
of the lower ethylene content polypropylene pre- 
viously recited and up to 25%, preferably 10% to 
20%, of the ethylene butene-1 copolymer. The 

15 large fraction of the lower ethylene content poly- 
propylene in the blend composition provides the 
dimensional stability of iayer 16 during the retort 
processing, and thus the dimensional stability of 
the film. The use of the ethylene butene-1 

20 copolymer provides sufficient flexibility to layer 16 
while the low level of addition (namely only up to 
about 25%) protects against the potential bonding 
to adjacent layers 16 which bonding would be 
possible at higher levels of addition of the ethylene 

25 butene-1 copolymer. To the extent the ethylene 
butene-1 copolymer is present in an amount great- 
er than about 20%, a third olastomeric component 
may optionally be included, as in the compositions 
previously recited. 

30 The composition and thickness of layer 18 is 

the same as described for FIGURE 3. 

Thus, in the FIGURE 4 embodiment, the flexi- 
bility previously attributed to layer 14 in the FIG- 
URE 3 embodiment has been incorporated into 

35 layer 12. while the thickness of layer 16 has been 
expanded, to at least 15%, to provide an adequate 
amount of the higher melting point temperature 
polypropylene which is capable of providing the 
thermal and dimensional stability to the overall film. 

40 Thus the thickness of layer 16 is critical to the 
thermal and dimensional stability of the film, while 
the degree of modification and the thickness of 
layer 12 is critical to the provision of flexibility and 
cracking resistance to the film, in combination with 

45 the higher ethylene content lending the properties 
of layer 12 to assisting in the formation of heat 
seals at layer 18. 

FIGURE 5 illustrates a cross-section of the seal 
area of a typical flexible pouch formed from facing 

50 portions of the sheet material of. for example. FIG- 
URE 3. It is seen that layer 18 is on the inside 
surface of the pouch and generally forms the heat 
seal contact surface, and prevents adjacent por- 
tions of layer 12 from contacting each other and 

55 inadvertently, and inappropriately, becoming bon- 
ded to each other. Layer 16 is on the outside 
surface of the pouch and provides a spacing func- 
tion between the layers 14 in adjacent pouches. 
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thus preventing the layers 14 of adjacent pouches 
from contacting each other and bonding during the 
high temperature processing. 

FIGURE 6 is representative of anoth r type of 
package which can be formed from films of the 
invention. In this case, a portion of the film has. 
previous to the fabrication of the package, been 
subjected to a thermal forming process, as in con- 
ventional thermoforming. to form a receptable. A 
non-fomned portion of the film is then used as a lid 
to close and seal the receptable and thus the 
package. It is seen that sheet material from RG- 
URE 4 has been used to illustrate the forming of 
the package in FIGURE 6. Thus layer 18 of RQ- 
URE 6 provides the same function as seen at layer 
18 in FIGURE 5. Layer 12 provides the primary 
fiexibility for the frim. Layer 16. as In RGURE 4, is 
the primary means of providing, in the package, 
the properties of thermal and dimensional stability, 
as well as serving as a barrier to layers 12 of 
adjacent packages blocking to each other. 

In the three layer embodiments, the poly- 
propylene polymer of the core layer can be a blend 
including the polypropylene polymers used in the 
two outer layers, so long as the recited disparity in 
thermal properties of the several layers is main- 
tained. In the four layer embodiments, the poly- 
propylene polymers of layers 12 and 14 can each 
be a blend including the polypropylene polymers of 
the other layers, again so long as the disparity Is 
maintained. For example, the polypropylene poly- 
mer of layer 12 can be a blend of the poly- 
propylene polymers used in layers 14, 16 and 18. 
The polypropylene polymer of layer 14 can be a 
blend of the polypropylene polymers used in layers 
12. 16 and 18. 

The ethylene butene-1 copolymer, as used, in 
the several layers is preferably the same in all 
layers of a given film, to the extent it is used in 
each layer. Alternatively, the ethylene butene-1 
may be different in the several layers^ so long as 
each of the ethylene biitene-1 compositions cor- 
responds to the previously recited 85 95 percent 
ethylene content. 

In some embodiments of the invention, it is 
entirely satisfactory for the polypropylene polymer 
in layers 14 or 16. or both, to be a homopolymer if 
the shock abuse anticipated for the package life 
cycle is somewhat reduced. While the use of 
homopolymer polypropylene sacrifices a degree of 
the shock abuse resistance, it similarly improves 
the capability of the film to tolerate high tempera- 
tures. Thus the selection of the composition of 
especially the polypropylenes in layers 14 and 16 
is accorded a degree of flexibility commensurate 
with the level of shock abuse anticipated for the 
package over its life cycle. 

Referring back to the 2-layer structure of the 



film shown in RGURE 1, and the potential defi- 
ciency in that either layer 12 or 14 may tend to 
block to an adjacent surface of a corresponding 
layer 12 or 14 during the high temperature pro- 

5 cess; and reflecting on the use of layers 16 and 18 
in RGURES 2. 3 and 4 as protective materials to 
prevent that blocking, another method of preventing 
the blocking from occurring is to reduce the con- 
tactabie surface areas of the potentially blocking 

10 adjacent layers. 

One extreme of this principle is seen in the use 
of layers 16 and 18, as interposing those respec- 
tive layers between the corresponding ones of their 
adjacent layers 12 and 14 In the adjacent pack- 

75 ages, so that no contact at all Is possible between 
the potentially offending layers. Another method of 
achieving at teaist a partial reduction in the con- 
tacted surface area is to mechanically change the 
surface of the corresponding layers 12 or 14 

20 (FIGURE. 1) by Imparting a matte-type finish to the 
corresponding outer surface of the affected layer. 
Thus the outer surface of layers 12 and/or 14 may 
be mechanically fabricated in such a way that they 
have surface deformations such as ripples, knobs. 

25 knurles, etc., on a minute scale, which deforma- 
tions reduce the actual area of surface-to-surface 
contact on a micro scale. 



EXAMPLE 1 



A 3-layer film is coextruded. Total thickness of 
the coextruded film is 0.18 mm. The first, or core 

35 layer, of the film is 60% of the overall thickness of 
the film. The composition of the first layer is a 
blend of (i) 50% by weight of a polypropylene 
copolymer containing 6 weight percent random eth- 
ylene moieties and having a melting pont tempera- 

40 ture of 127* C, (ii) 35% by weight Tafmer ® A- 
4085. an ethylene butene-1 copolymer from Mitsui 
Petrochemical Company, and (iii) 15% Kraton ® Q- 
1 652 styrene ethylene butyiene styrene from Shell 
Chemical Company. The second layer is 30% of 

45 the overall thickness of the film. The composition of 
the second layer is a blend of (i) 85% by weight of 
a polypropylene copolymer containing 4 weight 
percent random ethylene moieties and having a 
melting point temperature of 135'C. and (ii) 15% 

50 by weight Tafmer A ethylene butene-1 copolymer. 
The polypropylene includes conventional slip and 
anti-block concentrates in a polypropylene base 
having 4% random ethylene moieties. The third 
layer comprises 10% of the thickness of the film. 

55 Its composition is comprised of the polypropylene 
polymer used in the first layer. 
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EXAMPLE 2 



A three layer film, 0.20 mm thick, is coextruded 
as in EXAMPLE 1, except that the composition of 
the third layer is 85% of the same polypropylene 
and 15% Tafmer A. 



EXAMPLE 3 



A 0.20 mm. three layer, film is coextruded as 
in EXAMPLE 1 except that the composition of the 
third layer is 70% polypropylene. 1 5% Tafmer A 
and 15% Kraton G. 



EXAMPLE 4 



A 0,20 mm, three layer, film is coextruded as 
in Example 1 except that the composition of the 
third layer is 60% polypropylene, 25% Tafmer A 
and 15% Kraton G. 



EXAMPLE 5 



A 0.20 mm. four layer, film is coextruded. A 
first interior layer is 50% of the overall thickness of 
the film. The composition of the first layer is (i) 
50% by weight of a polypropylene copolymer con- 
taining 6 weight percent random ethylene moieties, 
(il) 35% Tafmer A ethylene butene-1 copolymer, 
and (iii) 15% KRATON G. The second interior layer 
is 30% of the overall thickness of the film. The 
composition of the second layer is (i) 65% by 
weight of a polypropylene copolymer containing 5 
weight percent random ethylene moieties, (ii) 25% 
Tafmer A ethylene butene-1 copolymer, and (iii) 
10% KRATON G. The (third) outer layer, adjacent 
the second layer, is 10% of the overall thickness of 
the film and comprises (i) 90% of a polypropylene 
polymer containing 4 weight percent random eth- 
ylene moieties and (ii) 10% Tafmer A ethylene 
butene-1 copolymer. The (fourth) outer layer, adja- 
cent the first layer, is 1 0% of the overall thickness 
of the film and comprises (i) 90% of a poly- 
propylene polymer containing 6 weight percent 
random ethylene moieties and (ii) 10% Tafmer A 
ethylene butene-1 . 



EXAMPLE 6 



A 0.20 mm, two layer, film is coextruded. The 
5 first layer is 60% of the overall thickness of the 
film. The composition of the first layer is (i) 50% by 
weight of a polypropylene copolymer containing 6 
weight percent random ethylene moieties and hav- 
ing a melting point temperature of 127*0. (ii) 35% 
10 by weight Tafmer A ethylene butene-1 copolymer, 
and (iii) 15% KRATON G. The second layer is 40% 
of the overall thickness of the film. The composition 
of the second layer is (i) 85% of a polypropylene 
copolymer having 4 percent random ethylene 
75 moieties and having a melting point temperature of 
135*0 and (ii) 35% Tafmer A ethylene butene-1 
copolymer. A coating of varnish is conventionally 
applied to the second layer of half of the film, and 
is omitted on the other half. 

20 

EXAMPLE 7 



25 A 0.1 8 mm, three layer, film is coextruded. The 

composition of the first and second layers is the 
same as in EXAMPLE 6. The first layer is 60% of 
the overall film thickness as in EXAMPLE 6. The 
second layer is 30% of the overall film thickness. 

30 and is the interior (core) layer of the film. The third 
layer Is 10% of the overall thickness of the film and 
is disposed on that surface of the second layer 
which is opposed to the first layer. The composi- 
tion of the third layer is (i) 85% of a polypropylene 

35 copolymer containing 4 percent random ethylene 
moieties and having a melting point temperature of 
135*0 and (ii) 15% Tafmer A ethylene butene-1 
copolymer. 

The films of EXAMPLES 1-7 are made into 
40 pouches using conventional heat sealing equipment 
and processes. The pouches are retort processed 
at 121*0 for 30 minutes. The retort processed 
pouches are all completely satisfactory for use as 
packages for either shelf stable foods or medical 
45 solutions. Packages made with the unvarnished film 
of EXAMPLE 6 are prevented from blocking with 
each other by specifically avoiding contact between 
the packages during the retort processing opera- 
tion. 

50 The third component of elastomer such as 
SEBS appears to function somewhat like a filament 
or a net type reinforcing materia! to provide dimen- 
sional stability and fiexibility to the films, especially 
during the exposure to high temperature process- 
es ing and to the high temperatures of the equipment 
used to form th heat seals. 

While the applicants choose to not be bound 
by any theory, the function of the SEBS at the 
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elevated processing temperature appears to be 
similar to that of reinforcing fiberglass, or the Ilk . 
as a physical reinforcing material in the fabrication 
of articles using reinforced polymers. Applicants 
acknowledge that the SEBS elastomer appears to 
have the capability of becoming fluid at high 
enough temperature, as for extrusion, but at the 
temperatures of anticipated exposure in high tem- 
perature retort processing. i.e. 121 * C, the ethylene 
butene-1 copolymer Is melted and the SEBS is not; 
thus providing the reinforcing function. It is con- 
templated that at higher package processing tem- 
peratures, the third component elastomer would 
also melt, as in the extrusion process, and would 
not provide a dimensional stabilizing function. 
While applicants have not conducted experiments 
to determine those temperatures, it is anticipated 
that thermal processing would be acceptable at 
temperatures higher than 121 *C, and especially for 
periods longer than 30 minutes, and still benefit 
from the overall reinforcing function of the SEBS or 
other elastomer. 

The reinforcing function may reside in the third 
component having a melting point temperature 
above that of the ethylene butene-1 copolymer, 
and above the elevated retort processing temperar 
ture. I.e. 121 * C. with or without a multidimensional 
net-type molecular structure, which net-type struc- 
ture is, as with SEBS, essentially disbanded on 
melting and re-formed on freezing. 

While tiie tiiird component appears to be pro- 
viding a reinforcing property, it is also cooperating 
in tiie provision of elastomeric properties to the 
composition, as compared to the properties of 
polypropylene without tiie incorporation of any 
elastomers or ethylene butene-1 copolymer 
thereinto. Thus the function of the third component 
appears to be that of making the function of the 
etiiylene butene-1 copolymer compatible with the 
thermal property requirements of the film, while 
allowing the ethylene butene-1 copolymer to per- 
' form its function of softening the polypropylene 
composition and giving the overall composition im- 
proved tolerance for shock stresses and for re- 
peated flexing stresses. 

Melting point temperature as used herein is as 
defined by ASTM 0-3418, and following standard 
industry practice. 

As is well known, retort processing conditions 
vary, depending on the application. Retort process- 
ing usually implies temperatures above 100*C. 
Processing time typically ranges from about 5 min- 
utes to over 30 minutes. Thus "retort processing", 
as used herein, is in harmony with the generally 
accepted definition in the industry, and wherein 
temperatures are abov 100* C. 

Thus it is seen that the invention provides 
novel compositions, and an improved multiple layer 



film for use in packaging, and especially for use in 
the fabrication of packaging for steril medical pro- 
ducts or shelf stable foods which are subject to 
high temperature processing. 

5 The invention also provides the capability for 

the use of polypropylene in all of the layers. This 
takes advantage of the high temperature process- 
ing tolerance of polypropylene while providing tiie 
abuse tolerance afforded by the modifying ethylen 

10 butene-1 copolymer and the third component 
elastomer. Further, the excellent barrier to water 
vapour transmission, accorded by polypropylene, is 
obtained by the use of substantial amounts of 
polypropylene in all the layers. 

15 

Claims 

1. A multiple layer film, comprising: 

20 (a) a first layer, the composition of said first layer 
being a blend of (i) as a first component. 40% to 
80% by weight of a first polypropylene, as a 
copolymer containing 1 to 8 weight percent random 
moieties of ethylene, (ii) as a second component. 

25 5% to 50% by weight of a first ethylene butene-1 
copolymer containing 85 to 95 mole percent eth- 
ylene» and (iii) a tiiird component providing 
elastomeric properties and being selected from the 
group consisting of ethylene propylene copolymer. 

30 polybutylene, polyisobutylene, ethylene propylen 
diene monomer terpolymer. styrene butadiene sty- 
rene copolymer, styrene ethylene butylene styrene 
copolymer, styrene isoprene styrene copolymer, 
polybutene-1 . and isobutylene Isoprene copolymer; 

35 and 

(b) a second layer, the composition of said second 
layer being a blend of (i) a second polypropylene 
polymer containing up to 7 weight percent random 
moieties of ettiylene and (ii) 5% to 50% by weight 

40 of a second ethylene butene-1 copolymer contain- 
ing 85 to 95 mole percent ethylene, 
wherein the random moiety ethylene content in 
said polypropylene in said second layer is at least 
1 weight percent less than the random moiety 

45 ethylene content in said polypropylene in said first 
layer. 

2. A film according to claim 1. wherein tiie 
composition of said second layer comprises 50% 
to 80% of said second polypropylene polymer and 

50 50% to 20% of said second ethylene butene-1 
copolymer. 

3. A film according to claim 1 or claim 2, 
wherein said first layer comprises 40% to 60% of 
said first polypropylene. 30% to 40% of said first 

55 ethylene butene-1 copolymer and, as said third 
component, 10% to 20% of styrene ethylene 
butylene styrene copolymer. 
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4. A film according to claim 1, 2 or 3. said 
second layer comprising 25% to 75% of th thick- 
ness of said film and said first layer comprising 
75% to 25% of the thickness of said film. 

5. A film according to any of claims 1 to 4. and 
including a third layer, the composition of said third 
layer comprising (i) as a first component, a third 
polypropylene polymer containing up to 7 weight 
percent random moieties of ethylene and (ii) up to 
25% by weight of a third ethylene butene-1 
copolymer containing 85 to 95 mole percent eth- 
ylene, said second layer being between said first 
and third layers, all the layers of said film being 
held together with good adhesion. 

6. A film according to claim 5, said second 
layer comprising 25% to 35% of the thickness of 
said film, said first layer comprising 50% to 70% of 
the thickness of said film and said third layer 
comprising 5% to 15% of the thickness of said 
film. 

7. A film according to any of claims 1 to 6. 
wherein said third component of said first layer 
comprises styrene ethylene butylene styrene 
copolymer. 

8. A multiple layer film, comprising: 

(a) a first layer, the composition of said first layer 
being a blend of (i) as a first component, a first 
polypropylene, as a copolymer containing 1 to 8 
weight percent random moieties of ethylene, (ii) as 
a second component. 5% to 50% by weight of a 
first ethylene butene-1 copolymer containing 85 to 
95 mole percent ethylene, and a third component 
providing elastomeric properties and being select- 
ed from the group consisting of ethylene propylene 
copolymer, polybutylene. polyisobutylene. ethylene 
propylene diene monomer terpolymer, styrene bu- 
tadiene styrene copolymer, styrene ethylene 
butylene styrene copolymer, styrene isoprene sty- 
rene copolymer. poIybutene-1, and isobutylene iso- 
prene copolymer; 

(b) a second layer, the composition of said second 
layer being a blend of (i) a second polypropylene 
polymer containing up to 7 weight percent random 
moieties of etiiylene and (ii) up to 25% by weight 
of a second ethylene butene-1 copolymer contain- 
ing 85 to 95 mole percent ethylene; and 

(c) a third layer, the composition of said third layer 
comprising a third polypropylene, as a copolymer 
containing 1 to 8 weight percent random moieties 
of ethylene, 

said first layer being between said second and 
third layers, and wherein the random moiety eth- 
ylene content in said polypropylene in said second 
layer is at least 1 weight percent less than the 
random moiety ethylene content in said poly- 
propylene in at least one of said first and third 
layers. 



9. A film according to claim 8, wher in said 
second layer comprises at least 20% of the thick- 
ness of said film and wherein said second poly- 
propylene in said second layer comprises at least 

5 15% by weight of tiie composition of said film. 

10. A film according to claim 8 or claim 9. 
wherein said third layer comprises 5% to 16% of 
the thickness of said film. 

11. A film according to claim 8. 9 or 10, 
10 wherein said third component in said first layer 

comprises styrene ethylene butylene styrene 
copolymer. 

12. A film according to claim 8, 9. 10 or 11, 
and including, in the composition of said third lay- 

75 er, up to 20% by weight of a second component 
comprising a third ethylene butene-1 copolymer 
containing 85 to 95 mole percent ethylene. 

13. A film according to claim 12, said second 
component in said third layer comprising 10% to 

20 30% by weight of the overall composition of said 
third layer, and including, in the composition of 
said third layer, up to 20% of a third component 
providing elastomeric properties and being select- 
ed from the group consisting of ethylene propylene 

25 copolymer, polybutylene, polyisobutylene, ethylene 
propylene diene monomer terpolymer, styrene bu- 
tadiene styrene copolymer, styrene ethylene 
butylene styrene copolymer, styrene isoprene sty- 
rene copolymer, polybutene-1 . and isobutylene iso- 

30 prene copolymer. 

14. A film according to claim 13, wherein said 
third component in said third layer Is styrene eth- 
ylene butylene styrene copolymer. 

15. A multiple layer film, comprising: 

35 (a) a first layer, the composition of said first layer 
being a blend of (i) as a first component, 40% to 
60% by weight of a first polypropylene, as a 
copolymer containing 5% to 7% ethylene (ii) as a 
second component, 30% to 40% by weight of a 

40 first ethylene butene-1 copolymer containing 85 to 
95 mole percent ethylene, and (ill) a a third compo- 
nent, 10% to 20% by weight of a styrene ethylene 
butylene styrene copolymer, said first layer com- 
prising 50% to 70% of the thickness of said film; 

45 (b) a second layer, the composition of said second 
layer being a blend of (i) 80% to 90% by weight of 
a second polypropylene polymer containing about 
3 to about weight percent ethylene and (ii) 20% to 
10% by weight of a second ethylene butene-1 

50 copolymer containing 85 to 95 mole percent eth- 
ylene: said second layer comprising 20% to 40% 
of the thickness of said film: and 
(c) a third layer, the composition of said third layer 
comprising a third polypropylene polymer, as a 

55 copolymer containing 5 to 7 weight percent eth- 
ylene, said third layer comprising 5% to 15% of 
the thickness of said film, said first lay r being 
disposed between said second and third layers. 
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16. A film according to claim 15, and Including, 
in said third layer a third ethylene butene-1 
copolymer, containing 85 to 95 mole percent eth- 
ylene, in an amount up to 20% by weight. 

17. A film according to claim 15 or claim 16. 
wherein the composition of said third layer com- 
prises 65% to 75% by weight of said third poly- 
propylene. 10% to 20% by weight of a third eth- 
ylene butene-1 copolymer containing 85 to 95 mole 
percent ethylene, and 10% to 20% by weight sty- 
rene ethylene butylene styrene copolymer. 

18. A film according to claim 15 or claim 16, 
wherein the composition of said third layer com- 
prises 55% to 65% by weight of said third poly- 
propylene, 20% to 30% by weight of a third eth- 
ylene butene-1 copolymer containing 85 to 95 mole 
percent ethylene and 10% to 20% by weight sty- 
rene ethylene butylene styrene copolymer. 

19. A multiple layer film having at least three 
layers whose composition comprises at least 40% 
polypropylene polymer, and wherein at least 15% 
of the thickness of said film comprises at least one 
of said polypropylene layers, and wherein said 
polypropylene in said at least one layer comprises 
a random ethylene content at least 1 weight per- 
cent less than the combined random ethylene con- 
tent of the rest of said at least three layers. 

20. A multiple layer film having a first layer 
comprising at least 40% by weight of a first poly- 
propylene polymer composition and a second layer 
comprising at least 40% by weight of a second 
polypropylene polymer composition, and wherein 
the melting point temperature of said second pojy- 
propylene polymer composition is at least 3 C 
higher than the melting point temperature of said 
first polypropylene polymer composition. 

21. A film according to claim 20. wherein the 
melting point temperature of said second poly- 
propylene polymer composition is at least 5 C 
higher than the melting point temperature of said 
first polypropylene polymer composition. 

22. A multiple layer film, comprising: 

(a) a first layer comprising 20% to 70% of the 
thickness of said film, the composition of said first 
layer being a blend of (i) as a first component, a 
first poiyprapylene. as a copolymer containing 1 to 
8 weight percent random moieties of ethylene, (ii) 
as a second component, 5% to 50% by weight of 
an ethylene butene-1 copolymer containing 85 to 
95 mole percent ethylene, and a third component 
providing elastomeric properties and being select- 
ed from the group consisting of ethylene propylene 
copolymer, polybutylene, polyisobutylene, ethylene 
propylene diene monomer terpolymer. stryrene bu- 
tadiene styrene copolymer, styrene ethylene 
butylene styrene copolymer, styrene isoprene sty- 
rene copolymer, polybutene-1 , and Isobutylene iso- 
prene copolymer; 



(b) a second layer comprising 1 5% to 55% of the 
thickness of said film, the composition of said 
second layer being a blend of (i) a second poly- 
propylene polymer containing up to 7 weight per- 

5 cent random moieties of ethylene, (ii) as a second 
component 5% to 50% by weight of an ethylene 
butene-1 copolymer containing 85 to 95 mole per- 
cent ethylene, and a third component providing 
elastomeric properties and being selected from the 

70 group consisting of ethylene propylene copolymer, 
polybutylene, polyisobutylene. ethylene propylene 
diene monomer terpolymer, styrene butadiene sty- 
rene copolymer styrene ethylene butylene styrene 
copolymer, styrene isoprene styrene copolymer. 

76 polybutene-1 , and isobutylene isoprene copolymer; 

(c) a third layer comprising 5% to 20% of the 
thickness of said film, the composition of said third 
layer comprising a third polypropylene, as a 
copolymer containing 1 to 8 weight percent random 

20 moieties of ethylene. 0% to 30% by weight of an 
ethylene butene-1 copolymer, and styrene ethylene 
butylene styrene copolymer in a ratio with said 
ethylene butene-1 copolymer of up to about 0.8/1 ; 
and 

25 (d) a fourth layer comprising 5% to 20% of the 
thickness of said film, the composition of said 
fourth layer comprising a fourth polypropylene, as 
a copolymer containing 0 to 7 weight percent ran- 
dom moieties of ethylene, and up to 25% by 

30 weight of an ethylene butene-1 copolymer. 

said first layer being between said second and 
third layers, said second layer being between said 
first and fourth layers, the combination of said 
second and fourth layers overall comprising a poly- 

35 propylene composition having a random ethylene 
content at least 1% lower than the overall random 
ethylene content of the combination of said first 
and third layers. 

23. A film according to claim 22, wherein said 
40 third component in each of said first and second 

layers is styrene ethylene butylene styrene 
copolymer. 

24. A film according to claim 22 or claim 23, 
wherein said first layer comprises 30% - 70% of 

45 said first polypropylene polymer and 30% - 40% of 
said first ethylene butene-1 copolymer, said sec- 
ond layer comprises 30% - 70% of said second 
polypropylene polymer and 30% - 40% of said 
second ethylene butene-1 copolymer, said third 

so polypropylene polymer in said third layer com- 
prises 5-7 percent ethylene, and said fourth 
polypropylene polymer in said fourth layer com- 
prises 3-4 percent ethylene. 

25. A film according to claim 22, 23 or 24, 
55 wherein said first and third layers combined com- 
prise 50% - 80% of the thickness of said film and 
said second and fourth layers combined comprise 
50% -20% of the thickness of said film. 
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26. A package made with a film according to 
any one of the preceding claims, th package for 
exampi having been retort processed. 

27. A composition of matter comprising a bi nd 

of: ' 5 

(a) 35% to 80% by weight of a first compo- 
nent of a polypropylene polymer; 

(b) 5% to 50% by weight of an ethylene 
butene-1 copolymer containing 85 to 95 mole per- 
cent ethylene; and 

(c) styrene ethylene butytene styrene 
copolymer in a ratio with said ethylene butene-1 
copolymer of about 0.2/1 to about 0.8/1. 

28. A composition according to claim 27. 
wherein said polypropylene polymer is 40% to 75 
75% of said composition and said ethylene butene- 

1 copolymer is 20% to 40% of said composition. 

29. A composition according to claim 27, 
wherein said polypropylene polymer is 45% to 
55% of said composition, said ethylene butene-1 20 
copolymer is 30% to 40% of said composition, and 

the ratio of said styrene ethylene butylene styrene 
copolymer to said ethylene butene-1 copolymer Is 
0.4/1 to 0.6/1. 
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© IVIultiple layer films, and novel polymer composi- 
tions are disclosed for use in packaging sterile medi- 
cal products and shelf stable foods. The films in- 
clude at least two layers (12, 14) of modified 
polypropylene-based compositions, and optionally a 
third layer of polypropylene-based composition. The 
two layers (12. 14) of the film comprise poly- 
propylene polymers having melting point tempera- 
tures, differing by at least 3*C, with corresponding 

^ethylene contents disparate by at least 1 weight 
percent ethylene. In 2-layer films, the compositions 

W include ethylene butene-1 copolymer in both layers, 

^and optionally an elastomer in either or both layers. 
Three and four layer films are also disclosed wherein 
outer polypropylene based layers protect the inner 

p^j layers, as of the two layer composition, from bond- 
ing to corresponding portions of adjacent like layers. 

^The films can be fabricated Into packages formed as 

Q.by heat sealing, a covered tray type package being 

lU shown in Fig. 6. 
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